Abstract: Work environments are
The Future of Alliances and Partnerships in Industrial
Biotechnology to 2023 is a new report that maps the competitive landscape for industrial biotechnology, identifies key alliances shaping the industry, and forecasts developments to the year 2023. The report analyzes how chemical and raw material businesses are linked to particular technology providers and research/technical institutes. Biotechnology and green chemistry are the drivers of this process.
According to National Research Strategy BioEconomy 2030, countries should adopt a vision of a sustainable bio-based economy by the year 2030 (i.e., production of a sufficient amount of healthy food to feed the world and supply of quality products made from renewable resources). This vision could already be reality because it offers solutions to a growing number of major social, environmental, and economic challenges, including climate change, energy and food security, and resource efficiency. The aim of the bioeconomy is to develop competitive, innovative technologies by supporting sustainable growth and protecting environmental resources.
The second community strategy (Commission of the European Communities, 2007) identified a series of problems, which can arise from current changes in society and workplace; in particular, "the nature of occupational hazards is changing in tandem with the acceleration of innovation" (p. 5). The risks associated with new biotechnologies should be anticipated and prevented. The bioeconomy and biotechnology have created one of the fastest growing markets and provide the means to reduce pressure on the environment, improve energy and resource efficiency, strengthen competitiveness, and support job creation. Green jobs were therefore selected as a priority area for a scenario development project because of their importance for Europe 2020, a strategy for smart, sustainable, and inclusive growth (European Commission, 2010 Indeed, meeting the EU's objective of a 20% increase in renewable energy alone has the potential to create more than 600,000 jobs in the EU. Adding the 20% target on power efficiency, over 1 million new jobs are at stake. However, these green jobs must not adversely affect the health and safety of workers. The pursuit of a "green" economy, associated with a strong emphasis on innovation, provides an opportunity to anticipate new potential risks embedded in green jobs and ensure that job design takes into account workers' safety and health.
This article discusses a report, Green Jobs and Occupational Safety and Health: Foresight of New and Emerging Risks to Occupational Safety and Health Associated With New Technologies in Green Jobs by 2020 (European Agency for Safety and Health at Work, EU-OSHA).
New and Emerging Risks
The European Agency for Safety and Health at Work (2010) defines an "emerging risk" as any occupational risk that is both "new" and "increasing." According to the definitions presented in the report, "new" means (a) the risk did not previously exist and is caused by new processes, new technologies, new types of workplaces, or social or organizational change; (b) a long-standing issue is considered a new risk due to a change in social or public perceptions; or (c) new scientific knowledge allows a long-standing issue to be identified as risk. However, the risk is "increasing" if the following criteria are met: (a) a number of hazards leading to risk is growing; (b) the likelihood of exposure to the hazard leading to risk is increasing (the level of exposure is rising and/or the number of workers exposed is increasing); or (c) the effect of the hazard on workers' health is deteriorating (e.g., health effects are becoming more serious and/or the number of individuals affected is increasing).
Green Jobs
Green jobs were at one time considered to be those jobs that protected biodiversity and the natural environment and were connected with green industries (i.e., bioeconomy and bioindustries). Green jobs now include low-carbon jobs, power efficiency, and carbon finance as well as "direct" green employment in the supply chain, even though these companies may not supply green industries. The United States Blue Green Alliance describes a green job as "a blue-collar job with a green purpose" (Pollin, Garrett-Peltier, Heintz, & Scharber, 2008, p. 8) . Pollin et al. (2008) divided green jobs into three categories: (1) direct jobs: first job changes resulting from new outputs in target industries; (2) indirect jobs: subsequent job changes resulting from new inputs required to accommodate new outputs; and (3) income-induced jobs: additional jobs created by changes in household income and expenditures resulting from 1 and 2. The list of typical jobs associated with various green activities is presented in Table 1 .
The European Commission (2012) defined "green jobs" as work that depends on the environment or are created, substituted, or redefined (in terms of skill sets, work methods, or profiles of green jobs) in the transition to a bioeconomy. According to the Environmental Goods and Services Sector (EGSS; Eurostat, 2009) , green jobs consist of a "heterogeneous set of producers of technologies, goods and services" (p. 6) that do the following: (a) measure, control, restore, prevent, treat, minimize, research, and sensitize environmental damage to air, water, and soil as well as problems related to waste, noise, biodiversity, and landscape: this includes "clean" technologies, goods and services that prevent or minimize pollution; and (b) measure, control, restore, prevent, minimize, research, and sensitize resource depletion: this includes resource-efficient technologies, goods and services that minimize the use of natural resources. Eurostat also postulates that these technologies and products (i.e., goods and services) must satisfy the end-purpose criterion, an environmental protection or resource management purpose, as their prime objective.
Green jobs are a generic term for a broad range of jobs in several sectors of the bioeconomy with various working conditions and processes, involving a diverse workforce.
Key Drivers
Sixteen key drivers of change were identified in the aforementioned report as having the greatest impact on the creation of a green economy in Europe by 2020 (EU-OSHA, 2011a):
1. Environment: carbon emissions, effects of climate change (i.e., temperature rise, natural disasters), shortage of natural resources (e.g., fossil fuels and water); 2. Government incentives: policies, grants, loans, and subsidies for green activities; 3. Government controls: taxes, carbon pricing, duties, and legislation; 4. Public opinion: the public's views on climate change and its causes; 5. Public behavior: demand for green products, support for recycling; 6. Economic growth: the state of European economies and availability of resources to tackle environmental issues; 7. International issues: effect of globalization on the EU and other economies, and its effect on competition for rare natural resources, driving the need for green activities; 8. Energy security issues: need for energy security, desire to reduce dependency on imported power; 9. Renewable energy technologies: progress in their development and availability; 10. Fossil fuel technologies: development of technologies such as carbon capture and storage and clean coal technologies; 11. Nuclear energy: the extent of its use, and whether it is regarded as "green"; 12. Electricity distribution, storage, and use: development of technology to increase decentralized renewable electricity generation; 13. Energy efficiency improvements: new energy-efficient buildings, retrofitting old buildings, promoting energyefficient public transport, and less energy-demanding manufacturing; 14. Growth in waste and recycling driven by resource shortage, public opinion, and legislation; 15. Other technologies: availability of non-energy technologies such as nanotechnologies and biotechnologies; 16. Demographics and workforce: a growing, aging population and changing lifestyles may drive increased energy demand and/or increased energy efficiency; the aging workforce may result in skill loss for EU-OSHA.
European Agency for Safety and Health at Work benefits from the aging workforce as well as the impact of climate change which may result in more migrant workers. In Figure 1 , the predicted scheme of key technologies development by 2020 is presented.
Key Technologies in the Bioeconomy
In the report, new key technologies for green jobs included technologies initially identified for specific industries (e.g., carbon capture and storage), cross-cutting technologies that affect more than one sector, and other technologies (e.g., nanotechnologies, robotics, automation, and artificial intelligence; EU-OSHA, 2011b). Key technologies are listed in Table 2 . Table 3 provides a list of the 26 technology areas and sectors identified and the links between them. The following sectors were selected: energy, transportation, manufacturing, construction, agriculture, forestry, food, waste, recycling, environmental remediation, and health care.
Forty new and emerging risks have been associated with new technologies. These risks are listed in Table 4 . The predicted impact on occupational safety and health of these key technologies is presented in Figure 2 . Besides risks to workers, risk transfer between jobs is also of concern. Another important issue is the release of potentially hazardous materials throughout the life cycle of green technologies and products 
Conclusion
Green jobs are found in a variety of sectors with a broad range of workplaces, working conditions, working processes, and worker characteristics. The EU-OSHA report demonstrated that the impact of socio-economic context as well as technological strategies and policies, and working conditions can result in a variety of occupational safety and health issues. Therefore, when devising prevention strategies for green jobs, the specifics of green jobs and the diversity of the workforce must be taken into account. According to the report, diverse green jobs may result in a number of occupational safety and health challenges:
1. Decentralized work processes: as workplaces are more dispersed and difficult to reach, monitor, and enforce occupational safety and health practices, the health and safety of workers may be more challenging to guarantee; 2. Increasing subcontracted work, self-employment, and micro and small enterprises may have less awareness of occupational safety and health, a less-developed culture of safety and health, fewer safety and health resources, and less access to occupational safety and health services; 3. New green technologies and working processes require worker training but specific knowledge and skills may not be fully developed; known occupational hazards may now be found in new situations requiring new skills; job opportunities in green jobs may attract new workers without necessary skills or knowledge of new challenges; workforce shortages may result in lowskilled workers accepting unsafe working conditions and challenging jobs; 4. Increased automation, which may improve occupational safety and health can result in human-machine interface risks and over-reliance on technology; 5. Conflicts between green objectives and occupational safety and health, with occupational safety and health being overlooked; and 6. Novel, difficult to characterize and potentially hazardous materials that should be closely monitored over their entire life cycle for potential (unknown, long-latency) health hazards. This challenge is of particular significance now that workers rarely remain in the same job for life, making it difficult to link health effects to occupational exposure. With regard to workplace injury and illness prevention, risk assessment is the key to devising adequate prevention measures that take into account the specificity of green jobs and the workers involved. At the development stage of any new technology, product, or process, upstream of its introduction to workplaces, a systematic, prior assessment of occupational safety and health over the entire life cycle is needed. Thus, integrating prevention into technology, product, or process design is more efficient than retrofitting to hazards identified later. This process requires policy-makers, research and development scientists, workplace management, and occupational health, safety and environmental professionals to work together during job creation. Technology developers, designers, and architects should also be included in the process. Green jobs that support worker health and safety require the smart, sustainable, and inclusive growth of the green economy in compliance with the EU 2020 strategy. (diesel, ethanol, etc.) , biomass combustion, biomass-co-firing, clean coal technologies, anaerobic digestion (biogas production), landfill gas utilization, biomass gasification, pyrolysis, biocatalysts, engineered cell factories, plant biofactories, novel process conditions/industrial-scale-up, biorefining and very-large-scale bioprocessing (VLSB), meso-scale manufacturing, agricultural technologies, synthetic biology, genetic modification
Waste processing Collection, sorting, and processing of waste for recycling or for energy production; recycling of materials and components
Green transport Electric, hybrid, and biofuel road vehicles; battery technology; hydrogen and fuel cells; electrification of railways; biofuels in aircraft; novel materials in aircraft; improved efficiency of internal combustion engines (ICE); intelligent transport systems (ITS); refueling/recharging infrastructure Green manufacturing technologies and processes, including robotics and automation
Advanced manufacturing techniques, distributed manufacture (personal fabrication-3D printing and rapid manufacture/rapid prototyping), lean methods, biotechnologies, green chemistry, nanomaterials Use in manufacturing, agriculture, construction, and other industries Electricity transmission, distribution and storage and domestic and small-scale renewable energy Smart grid, smart metering, distributed generation, combined heat and power, smart appliances. Batteries, flywheels, supercapacitors, superconducting magnetic energy storage (SMES), hydrogen, pumped hydro, compressed air energy storage (CASE), liquid nitrogen, and liquid oxygen energy storage. Battery types: lead-acid, lithium-ion, sodium sulfur (zebra), sodium nickel chloride.
Decentralized energy generation technologies: wind, solar, thermal, and solar photovoltaic, bioenergy, geothermal energy, combined heat and power, fuel cells Nanotechnologies and nanomaterials A very wide range of potential applications, including improved batteries, engine additives, new composite materials, materials used in construction (e.g., pavements/ bricks/asphalts that capture environmental pollutants, nanocoatings/nanopaints transforming solar energy into electricity, "green" antifouling nanocoatings), agriculture and forestry Energy transmission and distribution Blackouts lead to a dangerous situation in the workplace; complex grid, difficulties in controlling a complex grid such as two-way transmission, intelligent machines, appliances and electricity storage issues
Cross-technology (generic) issues Metal theft, risk of interruption in industrial processes and during repair operations including wind, batteries, and domestic energy; availability of skilled manpower, new technologies require workers with wide competence; new materials, nanomaterials, biofuels, new insulation, new composites, new organisms, and by-products; subcontracting, no control when introducing safety rules; government deadlines, quality for green subsidies with installation deadline; work-related stress, intensification of work and job insecurity; older workers, demographic trends of a growing proportion of older workers in the workforce; decentralized installations difficult to monitor and regulate the risks; innovation, rapid innovation leads to a variety of risks connected with new materials and new processes, not enough time to learn how to use them safely; automation and robotics bring new risks; human-ICT and human-machine interfaces, risks such as high cognitive load in monitoring, surveillance, and ergonomic load; end-of-life issues arise during refurbishment, demolition, degradation, disposal, waste, and recycling; more unpredictable work in shifts; human performance-enhancing technologies, this generally includes pharmaceuticals and there is evidence now of increasing use of drugs by workers who are well so they can, for example, boost concentration at work. This will also include implants and bionic limbs
Note. GMO = genetically modified organisms; EV = electronvolt; PV = photovoltaics; ICT = information and communications technology.
